Microbial diversity is strongly affected by the bottom-up effects of resource availability.
Resource availability is a bottom-up control that has strong effects on the diversity of consumer communities. Theory suggests that resource enrichment promotes diversity and food-on 97% sequence similarity. All initial sequence processing was completed using the software package mothur (version 1.40.5; Schloss et al., 2009 ).
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Resource Heterogeneity and Community Diversity -First, we tested the hypothesis that 1 8 0 resource heterogeneity affects bacterial community alpha diversity. We used linear models to determine if higher resource concentrations or more types of DOM resources (i.e., resource 1 8 2 richness) would affect the richness and evenness of bacterial communities. We transformed (Box-Cox), centered, and scaled (i.e., divided by standard deviation) resource concentration and species richness to meet model assumptions of equal variance and normality (Neter et al., 1996) .
We subsampled bacterial communities using rarefication to correct for differences in sample size 1 8 6 due to sequencing depth (Hughes and Hellmann, 2005; James and Rathbun, 1981) . We rarefied communities and calculated species richness as the number of OTUs observed and species 1 8 8 evenness using Simpson's evenness (Smith and Wilson, 1996) . We used the Box-Coxtransformed DOC concentration as the measure of resource concentration and we calculated 1 9 0 resource richness as the number of distinct DOM peaks observed in each sample.
Next, we tested the hypothesis that resource heterogeneity affects community beta diversity by comparing resource concentrations and DOM composition to bacterial community composition. We used distance-based redundancy analysis (dbRDA; Legendre and Anderson, 1999) to test for relationships between: 1) resource concentration and community composition and 2) resource composition and community composition. dbRDA is a multivariate linear model technique that uses quantitative factors explaining differences in multivariate community composition data. We used the Box-Cox-transformed DOC concentration as the measure of 1 9 8 resource concentration. To use DOM composition as a predictor in our dbRDA model, we used principal coordinates analysis (PCoA), based on relative abundances and Bray-Curtis Consumer-Resource Specialization -To test the hypothesis that the response to resource heterogeneity depends on whether communities were dominated by generalists or specialists, we 2 1 0 used consumer-resource co-occurrence to define generalists and specialists. We defined resource generalists and specialists based on co-occurrence analysis, which was performed using 2 1 2 Spearman's rank correlations between DOM components and bacterial OTUs. We used the relative abundances of DOM components and the relative transcript abundances of bacterial 2 1 4
OTUs. We inferred interactions based on correlations with coefficients > |0. 7| (Williams et al.,  2014), and we tested for significance using a permutation test based on randomizations with the 2 1 6 independent-swap algorithm (Gotelli, 2000) . We defined resource generalists as those taxa with four or more significant negative resource interactions. We used the negative interaction as a 2 1 8 proxy for potential resource consumption. To understand the spatial extent of individual taxa, we defined cosmopolitan taxa as those found in ≥ 90 % of the sampled lakes and we determined 2 2 0 how many resource generalists were also cosmopolitan taxa. All calculations were done in the R statistical environment. highly correlated (rho = 0.97, p < 0.001, Fig. S2 ). Using ecosystem metabolomics, we characterized the dissolved organic matter (DOM) pool and detected 712 compounds across the 2 2 8 sites. We refer to these molecules as DOM components. Based on the relative abundances of DOM components, sites were on average 37 % dissimilar in DOM composition. Using principal
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coordinates analysis (PCoA), we could explain 71 % of the variation in DOM composition across sites using three dimensions (Fig. 1) . The variation in DOM composition was significantly represent resource concentration and the DOM PCoA scores to represent DOM composition in further analyses. We identified influential DOM components as those correlated (rho > |0.70|)
with variation in the DOM PCoA axes (Fig. S3 ). We identified 172 influential DOM components. Bray-Curtis distances and relative transcript abundances, lakes were on average 62 % dissimilar to one another based on bacterial community composition.
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First, we tested for relationships between resources and bacterial alpha-diversity. We used linear regression to test for resource-diversity relationships between bacterial community 2 4 8 diversity (richness and evenness) and both resource concentration and DOM richness. As predicted, bacterial alpha-diversity was affected by resource concentration (Fig. 2 Next, we tested for relationships between resources (concentrations and composition) and bacterial beta-diversity using distance-based redundancy analysis (dbRDA). Based on the Likewise, resource concentration and composition explained variation in bacterial community composition (beta-diversity), although to differing degrees. Last, DOM generalists were 2 9 2 prevalent in the surveyed microbial communities and that there was a negative relationship between the proportion of generalists and the concentration and composition of DOM. Together,
our results suggest that DOM resource heterogeneity affects aquatic microbial communities, and that DOM resources may influence aspects of community diversity (e.g., species evenness) and 2 9 6 community composition. However, when generalists dominate communities, the effects may be limited potentially due to complex food-web interactions. Based on our findings, we argue that
organic matter composition plays an important role in structuring aquatic microbial communities, and that changes in organic matter composition owing to land use modifications and changing
terrestrial plant communities may alter the structure and function of aquatic bacterial communities. Resource heterogeneity affected the diversity of aquatic bacterial communities. We found that DOM resources were heterogeneous across lakes -on average lakes were 37 % dissimilar in 3 0 6 their DOM composition. As such, resource heterogeneity may help explain the variation in resource-diversity relationships along resource concentration gradients. We tested this hypothesis
and found that while resource concentration explained 28 % of the variation, DOM resource composition explained 45 % of the variation in bacterial community composition across lakes.
These findings suggest that different types of bacteria use and potentially specialize on different types of resources, which has been observed elsewhere. For example, it has been shown that mechanism to explain the diversity within and between bacterial communities.
Resource diversity (i.e., DOM richness) was positively correlated with OTU evenness,
but negatively correlated with OTU richness (Fig. 2) . Resource diversity is likely to influence OTU evenness because evenness, a measure of equitability among taxa, may reflect the
frequency of species traits (Hillebrand et al., 2008; Hill, 1973) , such as enzymes needed to uptake and metabolize different DOM components. Furthermore, changes in evenness have been
linked to altered species-interactions, coexistence, and ecosystem functions (Hillebrand et al., 2008) . If resources represented niches to be partitioned, resource diversity should promote
species diversity because resource diversity provides unique niches to species to partition (Werner, 1977; Glasser, 1984; Schoener, 1974) . Because we observed an increase in evenness
but not in richness with greater resource diversity, our findings suggest that the increased evenness observed in communities represents changes in abundances but not the addition of new resource heterogeneity contributes to observed resource-diversity relationships. In addition, we
propose that DOM resource heterogeneity may promote more diverse communities by increasing 3 3 2 species equitability and benefiting taxa that comprise the middle ranks of the bacterial community -"The Microbial Middle Class". 
Resource Substitutability
One possible explanation for why resource heterogeneity may only have weak effects in some
habitats is that many resources are substitutable. Two resources are substitutable when either can each be used for growth and reproduction while the other is absent (Tilman, 1980) . For example, 3 4 0 some plants are able to grow using ammonium, nitrate, or even organic nitrogen as a source of nitrogen (Haynes and Goh, 1978; McKane et al., 2002; Schimel and Bennett, 2004) , and but some have similar effects on the structure and function of aquatic microbial communities (Muscarella et al., 2014) .
In this study, we found numerous DOM components that appear to have similar consumer-resource co-occurrence patterns (Fig. S4) . One explanation is that many DOM we were unable to make positive identifications for many resource components in part due to the low representation of environmental samples in the available databases. In addition, we tested for indescribable, but methods need to be developed to classify and group DOM components into meaningful categories based on functional and metabolic forms. Our results suggest that resource generalists may dominate many aquatic microbial communities, and thus may explain why the effect of resource heterogeneity on community composition is 3 6 4 stronger is some lakes than others. Specifically, resource heterogeneity had a weak effect on the composition of bacteria in lakes that separate along OTU PCoA Axis 2 (Fig. 3 ). Across our
lakes, we found a negative relationship between the abundance of generalists and the concentrations of resources. This relationship is also correlated with the second axis of the DOM
PCoA, but not the first DOM PCoA axis which explains the majority of the DOM variation. One possibility is that the majority of DOM resources are substitutable. Alternatively, consumers also have the potential to use numerous different resources, and may thus be generalists (Livermore et al., 2013; Newton et al., 2010; Lauro et al., 2009 ). As such, we propose that
resource generalists may be more common in aquatic ecosystems than previously thought (Mariadassou et al., 2015) .
the DOM pool, and we may have missed less complex labile molecules that can also affect bacterial communities (Sarmento and Gasol, 2012 
Conclusions
Resource heterogeneity influenced the resource-diversity relationship and the
contribution of heterogeneity can be greater than concentration; however, when resource generalists dominated communities the resource-diversity relationship was dampened. These specialists (Székely and Langenheder, 2013; Mariadassou et al., 2015; Langenheder and Ragnarsson, 2007; Bird, 2012; Muscarella et al., 2016) . These findings support the hypothesis 4 2 2 that generalist taxa may limit the affect resource heterogeneity has on local communities; furthermore, we propose that consumer properties (i.e., generalist) and resource properties (i.e., 4 2 4 availability) determine how strong communities respond to resource heterogeneity. In addition, in order to understand how bacterial communities will respond to environmental changes, such
as changes in organic matter inputs due to changes in plant community distributions or global climate change, we need to consider which resources are substitutable and which resources will 4 2 8 change in similar and predictive ways. In doing so, we will be able to understand how microbial communities will respond to alterations in the available resources. Baran R, Brodie EL, Mayberry-Lewis J, Hummel E, Da Rocha UN, Chakraborty R, et al. (2015) .
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